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Oil palm agriculture threatens tropical forests and biodiversity. Previous stud-
ies focused on finding ways to reduce the impacts of oil palm on biodiversity
and the environment. However, the actual uptake of sustainable practices de-
pends in part on economic demand. We undertook the first investigation on
consumer attitudes and willingness-to-pay (WTP) for deforestation-free sus-
tainable palm oil. In a sample of 251 consumers in Singapore, we found little
consumer bias against palm oil per se. However, consumers had strong nega-
tive opinions toward products that cause deforestation. On average, consumers
stated a WTP of 8.2–9.9% more for common palm oil-containing products
that are deforestation-free. Given the current premium for segregated certi-
fied sustainable palm oil (CSPO; 1.5–5%), there is an incentive for manufac-
turers to use CSPO. Educational campaigns by environmental organizations
and prominent advertising of CSPO usage through sustainability labels can po-
tentially improve the economic demand for sustainable practices in oil palm
agriculture.
Introduction
Globally, agricultural expansion is threatening forests
and biodiversity. Forest conversion to oil palm mono-
culture negatively impacts biodiversity, carbon storage,
and water quality in Southeast Asia—a global biodiver-
sity hotspot (Wilcove et al. 2013; Carlson et al. 2014).
These impacts will likely worsen as oil palm cultiva-
tion moves into other biodiversity-rich regions, e.g., the
Neotropics (Lees & Vieira 2013) and Afrotropics (Wich
et al. 2014).
This then raises the question: What policies can
governments, conservation organizations, and growers
pursue to minimize environmental impacts of oil palm
cultivation? Researchers have demonstrated that certain
strategies—maintaining forested riparian reserves and
avoiding conversion of primary and secondary forests
(Edwards et al. 2010; Giam et al. 2015)—can reduce
biodiversity impacts of oil palm production. Increasing
numbers of growers, suppliers, and buyers (e.g., Wilmar,
Cargill, Unilever, Nestlé, etc.) have committed to some of
these strategies, in some cases, by following the sustain-
ability standards set by the Roundtable for Sustainable
Palm Oil (RSPO). Although RSPO standards should be
made more stringent (Laurance et al. 2010) [e.g., pro-
tecting secondary forests against conversion (Giam et al.
2011), lowering areal thresholds for forest protection
(Edwards et al. 2012)], RSPO-certified plantations are
likely more sustainable than noncertified plantations
with all else (e.g., preconversion conditions) being
equal.
While these corporate commitments are undoubt-
edly influenced by the work of environmental groups
through direct collaboration (e.g., Cargill and The For-
est Trust; Cargill 2014) and pressure campaigns (e.g.,
Greenpeace campaigns against Unilever and Nestlé;
The Economist 2010), the ultimate decision whether to
adopt biodiversity-friendly strategies, when not legally
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mandatory, likely hinges to some degree upon their
economic benefits (Rotherham 2005). Because adopting
sustainability standards incur nontrivial costs (Bateman
et al. 2015), producers are more likely adopt them if: (1)
consumer price premiums exist for products contain-
ing sustainable palm oil and/or (2) consumers have a
negative opinion of unsustainable palm oil or a positive
opinion of sustainable palm oil, possibly resulting in
reputational damage and/or profit loss for corporations
that do not adopt sustainability standards.
Although palm oil is used in many products from
baked goods to cosmetics (Corley & Tinker 2003), explic-
itly labeling it in ingredient lists is not legally mandated
in many jurisdictions (notable exceptions, however, in-
clude the United States and the European Union [Regula-
tion 1169/2011]). Manufacturers may be unwilling to list
palm oil because it has been linked with coronary heart
disease (Chen et al. 2011) and environmental problems
(Wilcove et al. 2013). For the same reasons, even man-
ufacturers that use sustainable palm oil may not adver-
tise it through certification labels. If consumers have no
inherent bias against palm oil and prefer products con-
taining sustainable palm oil over noncertified palm oil,
omission of sustainability labels represents an opportu-
nity lost to increase demand for more sustainable farming
practices.
To date, there is little research on consumer knowl-
edge, attitudes, and willingness-to-pay (WTP) for
products containing sustainable palm oil. No study has
examined the level of consumer knowledge of palm oil
in common products and consumer attitudes toward
sustainable palm oil, which may help inform product
labeling policies and education campaigns to engender
sustainable consumer behavior. Only one study has
investigated WTP for sustainable palm oil (Bateman et al.
2010) where sustainability was framed in terms of tiger
conservation. While Bateman et al.’s study was valuable
in showing the effectiveness of using charismatic species
in eliciting consumer-price premiums, it is also pertinent
to evaluate WTP based on a zero-deforestation definition
of sustainability given that a growing number of cor-
porations such as McDonald’s (McDonald’s Corporation
2015) and Wilmar (Balch 2015) are committing to source
or produce deforestation-free sustainable palm oil.
Here, we fill these knowledge gaps by surveying con-
sumers in Singapore to answer the following questions:
(1) Are consumers cognizant that certain products may
contain palm oil? (2) Is there a consumer bias against
products that contain palm oil? (3) Are consumers less
likely to purchase these products if they cause deforesta-
tion? (4) Are consumers willing to pay more for common
palm oil-containing products that are produced without
deforestation? (5) What are the demographic correlates
of consumers’ knowledge of palm oil in products and
do demographic characteristics and the environmental
worldview of consumers drive their WTP for products
containing sustainable palm oil?
Methods
Survey location and administration
We used a hybrid face-to-face interview/self-admini-
stered questionnaire approach to obtain data from 251
respondents aged 21 years exiting 10 supermarkets
in Singapore—a high-income city-state in Asia—from
February–March 2012. Respondents were instructed to
complete a standardized questionnaire in English (Ap-
pendix S1)—the language of instruction in Singapore;
interviewers were present to clarify questions when re-
quired. Some respondents requested that questions be
read aloud in English or translated to Malay, Mandarin,
or Tamil—the other official languages in Singapore. The
surveys were designed to minimize self-selection bias and
to sample consumers from a variety of socioeconomic
backgrounds (Appendix S1).
We chose this hybrid survey approach to sample the
supermarket consumer population directly and to allow
consumers to clarify questions with interviewers (Groves
et al. 2009). Face-to-face surveys also have better re-
sponse rates than mail, telephone, or Web surveys and
are likely more representative of the population com-
pared to Web surveys (Groves et al. 2009; Szolnoki &
Hoffmann 2013). While the lack of publicly available con-
sumer demographic data precluded formal evaluation of
the actual sample representativeness, demographic char-
acteristics of our sample generally reflect Singapore soci-
ety (Table S1).
Knowledge of palm oil in products
Some brands of these common products—chocolate
bar, cookies, margarine, moisturizers, potato chips, and
soap—are known to contain palm oil. We first asked re-
spondents if they had purchased any of these products
in the past year. A respondent who purchased 1 prod-
uct(s) is henceforth referred to as a consumer. We asked
consumers whether they thought some brands of prod-
ucts they had purchased may contain palm oil. Possible
answers were: “yes,” “no,” and “not sure.”
Assessing bias against palm oil
If a consumer did not think (or was unsure whether)
some brands of a given product contained palm oil, we
asked if he/she was more or less likely to buy the prod-
uct if he/she knew that it contained palm oil. Possible
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answers were: “much less likely,” “less likely,” “same as
before,” “more likely,” and “much more likely.”
Attitude toward products that cause
deforestation
We asked consumers whether they were more or less
likely to buy the product if it was made in an unsustain-
able manner. We explained that in our survey “unsus-
tainable manner” meant forests had to be felled for crop-
land. We also asked consumers whether they were more
or less likely to buy a sustainable (deforestation-free)
alternative of each product, if available. Possible answers
for both questions were: “much less likely,” “less likely,”
“same as before,” “more likely,” and “much more likely.”
WTP for sustainable palm oil
We quantified consumer WTP for products made with
sustainable palm oil by asking whether he/she was likely
to pay more for a deforestation-free product versus one
whose sustainability was unclear or unknown. Possible
answers were “yes” and “no.” For products that elicited
a premium, we asked each consumer to state how much
more they were willing to pay (in terms of percentage
increase in price).
Consumers’ environmental worldview
Using eight items from the New Ecological Paradigm
scale (Dunlap et al. 2000), we identified two di-
mensions of a person’s environmental worldview
(fundamental values underlying attitudes and be-
liefs): (1) cognizance-of-damage—the knowledge and
concern about environmental damage and (2) anti-
anthropocentrism/exemptionalism—the belief that
humans do not have the right to dominate nature and
that they are not immune from environmental damage
(Appendix S2). Higher scores on these scales reflect a
more proenvironment worldview.
Statistical analysis
We tested whether consumers were less likely to pur-
chase a given product after knowing that it causes de-
forestation (vs. simply containing palm oil) by perform-
ing a one-sided Monte Carlo test for paired differences
(Appendix S3).
We examined whether: (1) demographic character-
istics of consumers predicted knowledge of palm oil
in products and (2) demographic characteristics and
environmental worldview of consumers predicted WTP
for products containing sustainable palm oil. For the first
analysis, we analyzed binomial generalized linear mixed
effect models (GLMMs) with logit link in a multimodel
inferential framework (Burnham & Anderson 2002)
assuming a Bernoulli distribution for the binary re-
sponse (knowledge of palm oil in products: yes—product
contains palm oil vs. no/not sure). Candidate predictor
variables were age, education level, gender, nationality,
and product type. Consumer ID was fitted as a random
intercept to account for repeated measures of knowledge
across the six products.
In the second analysis, we modeled mean WTP (be-
cause individual product WTP differed little for most
consumers) using two-step (“hurdle”) generalized linear
models (GLMs). First, we modeled whether a consumer
was willing (vs. not willing) to pay a premium using bino-
mial logit link GLMs. Then, we modeled the mean WTP
(log-transformed for normality) of consumers who were
willing to pay a price premium using Gaussian GLMs.
Candidate predictor variables were age, education
level, gender, income, nationality, and scores on
the cognizance-of-damage and anti-anthropocentrism/
exemptionalism scales. Including income (the most fre-
quently unreported variable) greatly reduced sample size
from 227 to 151; we therefore repeated the analysis ex-
cluding income to identify other important predictors
that may otherwise be obscured by the reduction in sam-
ple size.
We fitted models in a Bayesian framework in which
model inferences do not require large-sample assump-
tions (Kéry 2010). We used Widely Applicable Infor-
mation Criterion (Watanabe 2010) to evaluate relative
model support. To quantify model goodness-of-fit, we
calculated proportion of variance explained by fixed ef-
fects (R2m for GLMMs and R2 for GLMs). Models were fit-
ted using JAGS 3.4.0 (Plummer 2013) in R (R Core Team
2014; Appendix S4).
Results
Knowledge of palm oil in products
Of the 251 consumers surveyed, 221, 201, 194, 178, 150,
and 136 had purchased cookies, soaps, chocolate bars,
potato chips, moisturizers, and margarine, respectively,
in the previous year (Table 1). Between 48% (chocolate
bar) and 75% (soap) of consumers correctly indicated
that some brands of these products contain palm oil
(Table 1). The best supported model (R2m = 0.14, n
= 1,019 observations across 237 consumers) indicated
that older, tertiary (or higher)-educated, male, and
non-Singaporean consumers were, on average, more
cognizant that some brands of a given product may
contain palm oil (Tables 2 and S2).
Bias against palm oil
Among consumers who did not know or were unsure
whether some brands of a given product contained palm
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Table 1 Summary of survey responses
Producta Respb Consc Know (%)d PO (%)e UNS_PO (%)g SUS_PO (%)h WTP (%)i mWTP (%)i
Choc 251 194 94 (48%) 33 (33%) 70 (70%) 166 (86%) 143 (74%) 9.9
Cookies 251 221 122 (55%) 26 (26%) 69 (70%) 184 (83%) 155 (70%) 9.2
Marg 251 136 92 (68%) 9 (20%) 25 (57%) 118 (87%) 94 (69%) 8.2
Mois 251 150 83 (55%) 20 (30%) 35 (52%) 129 (86%) 108 (72%) 9.9
Pota 251 178 89 (50%) 21 (24%) 55 (62%) 150 (84%) 129 (72%) 9.3
Soap 251 201 151 (75%) 10 (20%) 26 (52%) 176 (88%) 146 (73%) 9.5
aProducts are: Choc (chocolate bar); Cookies (cookies); Marg (margarine); Mois (moisturizers); Pota (potato chips); Soap (soap).
bResp: Number of respondents.
cCons: Number of consumers (i.e., respondents who bought the product in the past year).
dKnow: Number (and %) of consumers who answered (correctly) that some brands of the product contain palm oil.
ePO: Of the consumers did not think (or was unsure whether) some brands of the product contain palm oil, the number (and %) who answered they were
“much less likely” or “less likely” to purchase the product if they knew it contained palm oil.
fUNS_PO: Of the consumers did not think (or was unsure whether) a given product contains palm oil, the number (and %) who answered they were “much
less likely” or “less likely” to purchase the product if they knew it causes deforestation.
gSUS_PO: Of all consumers, the number (and %) who answered they were “more likely” or “much more likely” to purchase the sustainable (deforestation-
free) alternative of a given product.
hWTP: Of all consumers, the number (and %) who answered they were willing to pay a price premium to purchase the sustainable (deforestation-free)
alternative of a given product.
imWTP: The mean price premium (including consumers who indicated a price premium of zero) for the sustainable (deforestation-free) alternative of a
given product.
Table 2 Model coefficients (and 95% credible intervals [CI]) and associated inferences from the best supported GLMM predicting knowledge of palm oil
in products (n = 1,019 from 237 consumers)
Parameters Coefficients (95% CI) Inference
Product Soap was the product most frequently identified as containing palm oil, followed by
margarine, moisturizers, cookies, potato chips, and chocolate bar.




Potato Chips −1.57 (−2.16–−1.01)
Age 0.33 (0.03–0.65) Older consumers likely to have greater knowledge of palm oil in products.
Education Consumers with tertiary (or higher) education likely to have greater knowledge of palm oil in
products.
Tertiary or higher 1.34 (0.67–2.04)
Gender Male consumers likely to have greater knowledge of palm oil in products.
Male 0.51 (−0.04–1.07)
Nationality Non-Singaporean consumers likely to have greater knowledge of palm oil in products.
Non-Singaporean 0.58 (−0.06–1.24)
oil, a minority indicated that they were “less likely” or
“much less likely” to purchase it if they knew it contained
palm oil (between 20% [soap] and 33% [chocolate] of
consumers; Figure 1; Table 1).
Attitude toward products that cause
deforestation
When told that forests had to be cleared to make the
product, consumers became less likely to buy a prod-
uct as compared to when they were told the product
contained palm oil (without any indication of sustainabil-
ity; Monte Carlo test for paired differences P < 0.002 for
all products; Figure 1).
Overall, between 52% (soap) and 70% (chocolate bar)
of consumers said that they were “less likely” or “much
less likely” to buy a product if it was unsustainably pro-
duced (Figure 1). Conversely, a large majority of con-
sumers (between 83% and 88%) said they were “more
likely” or “much more likely” to buy the sustainable al-
ternative, if available (Table 1).
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Figure 1 Percentage of consumers who replied they were “much less
likely” or “less likely” to buy a product after knowing it contains palm
oil (i.e., with no information on sustainability) versus knowing it causes
deforestation.
AMonteCarlo test for differences (Appendix S3) indicated that consumers
were less likely to buy a product if they know it causes deforestation
(P < 0.002 for all products). Products are: Choc (chocolate bar); Cookies
(cookies);Marg (margarine);Mois (moisturizers); Pota (potato chips); Soap
(soap).
WTP for sustainable palm oil
The majority of consumers stated that they were willing
to pay a price premium for the sustainable (deforestation-
free) product over one whose sustainability is unknown
(Table 1). The best model indicated that higher-income
consumers were more willing to pay a premium (R2 =
0.06, n = 151; Tables 3 and S3). When income was
excluded from the predictor set, the best model suggested
that more highly educated and female consumers were
more willing to pay a premium (R2 = 0.05, n = 227;
Tables 3 and S4).
On average, consumers stated that they were willing
to pay a price premium between 8.2% (margarine) and
9.9% (moisturizers; Table 1). Only education level was
included in the best model predicting the magnitude of
price premium: those with at least tertiary education in-
dicated a greater WTP (R2 = 0.08, n = 113; Tables 3 and
S5); excluding income from the analysis yielded the same
best model (R2 = 0.05, n = 163; Tables 3 and S6).
Discussion
Many consumers were unaware that some brands of
products they had bought in the past year may contain
palm oil (hereafter, unaware consumers). Consumers
with tertiary (or higher) education were more aware
that some brands of products may contain palm oil pos-
sibly because a higher level of education facilitates a
consumer’s search for (Katona & Mueller 1955) and un-
derstanding of information. Older consumers may have
greater awareness of palm oil as an ingredient because
of knowledge accumulation with age and/or a greater
interest in food ingredients owing to health concerns
(Drichoutis et al. 2005). Interestingly, males were more
knowledgeable about palm oil in products. It is possible
that men were more likely to use ingredient information
on food labels than women (Drichoutis et al. 2005). Last,
Singaporeans had a poorer awareness of palm oil in prod-
ucts than non-Singaporeans possibly because whereas
palm oil consumption is a global environmental issue, en-
vironmental education and campaigns aimed toward the
local populace centers on issues pertinent to Singapore,
e.g., air pollution, waste disposal, and local nature conser-
vation (Wong & Stimpson 2004; Hobson 2006). Indeed,
it was only after environmental impacts of palm oil were
felt locally—haze caused by peat fires on oil palm con-
cessions in neighboring Sumatra in 2013—that a palm
oil awareness campaign was organized in Singapore (The
Online Citizen 2015; http://webreathewhatwebuy.com).
While there was little bias against palm oil per se, con-
sumers had a strong negative opinion toward products
that cause deforestation. A large majority of both un-
aware and aware consumers indicated they were more
likely to buy an alternative deforestation-free product if
available. Our results demonstrated that consumers in
Singapore, like consumers in France (Disdier et al. 2013),
were generally concerned about the link between agri-
culture and deforestation. Given that consumers showed
little bias against palm oil and preferred deforestation-free
products, there is an incentive for manufacturers to use
sustainable palm oil and advertise their usage in the me-
dia or through food labels.
Most consumers were willing to pay a price premium
for products containing sustainable palm oil. Higher-
income consumers (SGD4,500/month) were more
willing to pay a price premium likely owing to greater
financial ability; this effect was also observed for sus-
tainable wood products (Aguilar & Vlosky 2007). More
highly educated and female consumers were more likely
to pay a price premium; this was consistent with previous
studies on various green products, e.g., carbon-efficient
cars (Achtnicht 2012). Environmental concern tends to
be greater in women (Manieri et al. 1997) and this may
translate to proenvironment buying attitudes and be-
haviors (Manieri et al. 1997; Grunert et al. 2014). Simi-
larly, highly educated consumers tend to be more will-
ing to contribute to environmental conservation efforts
(e.g., agreeing to a tax increase for greater environmen-
tal protection; Torgler & Garcı́a-Valiñas 2007). Among
consumers who were willing to pay a premium, only
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Table 3 Model coefficients (and 95% CI) from the best supported GLMs predicting consumer WTP for common palm oil-containing products that are
deforestation-free
Parameters Coefficients (95% CI) Inference
Income included in the candidate predictor set
Step 1. Willing versus not willing to pay a price premium (n = 151)
Income (SGD/month) Consumers with an income SGD$4,500/month
were most likely to state a nonzero WTP.
1,500–4,499 0.14 (−0.68–0.96)
4,500 1.14 (0.05–2.36)
Step 2. Magnitude of WTP among consumers who were willing to pay a premium (n = 113)
Education Consumers with tertiary education stated a
higher WTP.
Tertiary or higher 0.49 (0.18–0.81)
Income excluded from the candidate predictor set
Step 1. Willing versus not willing to pay a price premium (n = 227)
Education Consumers with tertiary (or higher) education
were more likely to state a nonzero WTP.
Tertiary or higher 0.68 (0.06–1.31)
Gender Female consumers were more likely to state a
nonzero WTP.
Male −0.65 (−1.26–−0.05)
Step 2. Magnitude of WTP among consumers who were willing to pay a premium (n = 163)
Education Consumers with tertiary education stated a
higher WTP.
Tertiary or higher 0.33 (0.10–0.57)
SGD: Singapore Dollar (1SGD  0.8USD in February–March 2012).
education level was correlated with the magnitude of
premium.
Manufacturers have an economic incentive to use
certified sustainable palm oil (CSPO) considering that
the consumer premium (8.2–9.9%) exceeds the av-
erage premium paid to growers for segregated CSPO
(1.5–5%; WWF 2012). If consumer premium levels
also apply to products that do not contain CSPO but
support its production, the premium margin is even
greater; growers’ price premium through the RSPO
GreenPalm book-and-claim program is currently 0.3%
(March 2014–February 2015; www.indexmundi.com,
www.greenpalm.org). An important caveat is that con-
sumers may overstate their WTP by about 35%
(median)–100% (70th percentile; Murphy et al. 2005).
However, based on these values, actual consumer premi-
ums are still likely to at least match the premiums paid to
growers for segregated CSPO.
Our research suggests that to generate greater con-
sumer demand for CSPO, one step might be to increase
public awareness of products containing palm oil and the
environmental issues related to oil palm cultivation. Pub-
lic information/outreach campaigns by nongovernmental
environmental should aim to explain how sustainability
certification aids in biodiversity conservation along with
its shortcomings to allow consumers to make an informed
purchasing decision. Manufacturers should also adver-
tise their usage of CSPO through sustainability labels and
marketing campaigns. The low model R2 values suggest
that such campaigns should adopt a measured approach
in targeting consumers: while some emphasis on certain
consumer groups (those who tend to be less knowledge-
able about palm oil and those who are less likely to pay a
premium for sustainably produced products as revealed
by our models) might be worthwhile, education cam-
paigns should ultimately be broad enough to target all
consumers.
An obvious limitation of our study is the narrow
geographical scope. Unlike other developed world coun-
tries, Singapore has an authoritarian government and a
more politically apathetic populace (Mutalib 2000), but
like these countries, environmental activism is allowed
albeit somewhat muted possibly owing to political
apathy. We therefore expect attitudes and WTP among
Singapore consumers to be similar to or slightly less pro-
CSPO than developed world consumers. Because cultures
are generally heterogeneous between (and within) coun-
tries, large multicountry studies are required to truly
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elucidate the range of attitudes and WTP in consumers
globally. It is important that these studies incorporate
developing world consumers who use palm oil as a staple
product (e.g., for cooking) for whom there are no data.
Our results suggest informing consumers about the
sustainability of a product can potentially create the
economic demand for sustainable practices in oil palm
agriculture. Our study and Bateman et al. (2010) are the
first to reveal WTP for sustainable palm oil. Having con-
firmed that consumer support and price premiums for
deforestation-free sustainable palm oil exist, the onus is
now on RSPO member growers and manufacturers to en-
sure that CSPO is truly deforestation-free by mandating
that all forests (including logged and secondary forests)
above a certain areal threshold (e.g., 10 km2; Edwards
et al. 2012) are off limits for conversion.
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